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SchooTol Nlilural Res6urce§ � ·< 
UniversitY of Ve'r1nont:· 
aurlington, Vermont 
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T h.e LSPiatte River Watershed in northwestern Vermont is 
the fbcus of an intensive program of land treatment to 
control agricultural runoff� Best Managemer'it:Practices 
for controllin9 dairy manure ·and cropland· erosion have 
beeh implemented by the USDA-SCS on 90' percent of 
the priority areasi[l the·wawsMd,:_� 19ng-term mooitor-
ing program is•being conducted to evaluate the'effective­
ness.of BMP application .in impro�ing water quality., T"he 
mtmitoring program ·)ngl��es precipitation �nd �tr�am 
discharge reCording and water sampling for susp�nded 
solids, phosphorus, and nitrog�n' ana}ysis. A. concurrent 
land use monitoring progra111 is.coUectin.Q irttormation re­
quired to couple•changes in agricultural·�ractices ,with 
changes irl stream water quality. T he water quality moni­
toring program.is outlined. Application 9f several statisti- r 
cal trend analysis techniques to 5 years of record from 
four watersheds is described and some. results are dis­
cussed. 
INTRODUCTION 
Agricultural activities have fong �eeo identified as poten­
tial nonpoint sources of wafer pollution 1Loehr, 1 974; 
Omernik, 1 976). Best management'practices are widely 
believed to ·provide effef(\ive. control ,p{'agricultural pollu­
tion sources (Loehr, �t ar. , 1 979r·However, the effective­
ness of many BMP's .�as not been well documented on a 
watershed scale (Baker and Johnson, 1 983). 
Daity farming is·a major industry in Vermont. In the late 
1 970s, Vermont's 208 ·planning process -concluded that 
excessive cropland erosion, lack of fall cover, �d im-: 
proper animal waste management were significant agri­
cultural pollution. SQurces to the State's. waters (Vt. Agency 
Environ. Conserv., 1 978). At that time, the LaPiatte River 
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wate�li-� �as _identified as .a major:_ sourc� qf _sedj'!le.Qt 
and phosphorus to Shelburne Bay, a heavily l.!s¢-eu­
trophic bay in Lake Champlain (Vt. AgQncy Epviron. QQn-
serv., 1 9n; Soil Conserv. Serv., 1 978). ·• . ', 
"In response to these problems, the LaPiatte River 'Wa­
tershed Plan wa5 developed in 1 979 by the Soil Cons�rva­
tion Service, ·in cooperation .with the Winooski Np'tural Rer 
sources Conservation Distript1 ttie Vefmont Dep,artinent of 
Agriculture, the Vermont 'Agency o.f Environmental Con­
servation, and the University of Vermont (So!l qonserv; 
Serv., 1i)79). The plan, prepared under�he "authority of 
P.L. 83-566, has the objectiv� of controlling" wat_er qualitY 
problems by installing best management practices for ani­
mal waste management and conservation land treatment: 
lmpler;pen!atio,n of the pi��, irivplve� . th,e . • Pr�paration of conservation plans and contracts w1th md1v1dual· land;. 
owne�.._ The BMP's are-financed on a'Co.st-sbare basis. 
Ass�ated with Jh(rplan is a long-term, 'comprehensive 
i"' water qu..ality mo�i,toring ,:)rogra{n, The primary �bjective 
of the 'tnonitorin9 �ort is to document changes in surface 
water quali�-resulting from the BMP's. 
This j>aper will describe the monitoring program and 
briefly outline the application of two trend-analysis tech­
niqu�s to several,years of monitoring data. 
STUDY AREA 
The '13,815 ha· LaPiatte -River watershed lies just east of 
Lake Champlain in northwestern Vermont (Fig. 1 ).-About 
50 pe'rcent of the watershed is devoted to agriculture, for­
ests cover 40 percent of the area, and residential areas 
encompass 8 percent. There are 60 active farms, mostly 
d�iry, in the watershed, averaging·� 1 7  ha in size. Average 
herd size is about 1 20. 
Soils in the watershed have developed on lacustrine 
deposits, glaciaiJill,;pr-beprock of. the Gr�en M.oun!�ins. 
PERSPECTIVES ON NONPOINT SOURCE POLLUTION 
Over 44 gercent 6f the watershed is underlain by lacus­
trine sands, silts, or clljlys, and mbst cit the agricultural 
activitie� are concentrated on these soils. 
The climate of the LaPiatte River watershed is of the 
cool, continental type. Mean annual temperature is 6. 7°C; 
normal annual precipitation for the watershed is 85.6 em 
(Nat. Oceanogr. Atmos. Admin., 1 983). Average annual 
snowfall is 1 79 em. . 
The 26-km LaPiatte River drains the watershed from 
east to west to Shelburne Bay of Lake Champlain. There 
are four major tributaries to the river and numerous inter­
mittent streams. One point source discharges to the La­
Piatte River 8 km above its mouth: a 0.01 m3/sec aerated 
lagoon wastewater treatment plant serving the village of 
Hinesburg. The LaPiatte River flows through an extensive 
forested wetland before emptying into Shelburne Bay. 
METHODS 
The 1 1-year monitoring program includes long-term rou­
tine stream monitoring, several short-term studies, and 
intensive land use monitoring. 
Long-term Monitoring 
Four watersheds are being monitored on a lo'rig-term ba­
sis (Fig .. 1) .  Watershed 1 ,. drained by the LaPiatte River, 
includes 80 percent of the entire watershed and is used to 
document overall water quality changes (Table 1) .  Water­
shed 2 is highly agrjcultural and has received extensive 
BMP implementation. Watershed 3 serves as a control; 
agriculture is nonintensive and no BM�'s are needed or 
planned. Watershed 4 contains portions of three farms, 
each of which has contracted for BMP implementation. 
.r The effluent of the Hinesburg treatment plant, discharging 
within watershed 1 ,  is also monitored. 
At each of the monitoring stations, stream stage is con­
tinuously recorded by ISCO Model 1870 bubbler-type 
stage recorders. Stage records are later digitized, and dis­
charge is calculated from site-specific ratings. Watershed 
precipitation is measured by a network Qf 20-cm weighing 
bucket recording precipitation gauges. 
Water samples are collected automatically by ISGO 
Model 1 680 samplers and stored in refrigeration units. 
Samples are collected at 8-hour intervals and combined to 
yield four 24-hour and one 72-hour composite samples 
each week. During the spring snowmelt and some individ­
ual storm events, discrete samples are collected at more 
frequent intervals, typically 2-8 hours apart. 
Samples are routinely analyzed for turbidity, total and 
volatile suspended solids, total phosphorus (persulfate di­
gestion, ascorbic acid), dissolved inorganic phosphorus 
(ascorbic acid), total Kjeldahl nitrogen (macro digestion, 
distillation), and ammonia nitrogen (distillation, nessleriza­
tion). Twice weekly, in situ measurements are made for 
temperature, dissolved oxyge�;�, and specific conduc­
tance; grab samples arataken for laboratory analyses of 
pH, fecal coliform, and fecal streptococcus. Alf water qual­
ity analyses are conducted by accepted methods (Stand. 
Methods, 1 980; U.S. Environ. Prot. Agency, 1 983). 
Sho�-term Studi�s 
Several 2-3-year studies have been cond1,1cted or are un­
derway to supplement routine monitoring. The attenuliltion 
of phosphor_us in the LaPiatte River'oeloyt _the Hinesburg 
Table 1 .-Characteristics of monitored watersheds, LaPiatte River Watershed Project. 
Arell (ha) 
Land Use (%) 
Agricultural 
" Forested 
Other 
--
Watershed 1 Watershed 2 Watey&hed 3 Watershed 4 
1 1 ,395 1 ,682 1,65 1 82 
42 
39 
19 
74 
20 
6 
• S.111>1ing/Oqlng St•tiOna 
X Preclplt•tlon CI8IJM 
77 
0 
23. 
77 
0 
23 
onitqring A�as 
a 
Facilities 
LAPLATTE RJYER WATERSHEP 
CHITTENDEN CoUNTY, VERMONT 
Fig�re "1:"�-Map of LSPiatte River Watershed', Vermont. 
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treatment plant has been investigated to determine the 
rel�tive imp�cts of point and nonpoint sources of. phos­
phorus (Cassell and Arri�. 1,983). A' bas'eline biological 
inventory of fish; ' invertebr�tes, ·and peripl'lyton has been 
c9mpleted, and a postimplementation' reinventory is 
planned for the future (LaBar, 1 982). A paired watershed 
study comparing 'traditional and BMP manure man'age­
ment on two cornfields has been completed (Broido, 
1983). A verification study of the CREAMS model (Knisel, 
1980) has been performed on the same fields (Jamieson, 
1985). . 
Currtmtly, studies of barnyard run6ff and mill<house 
waste are underway. These studies will assess the magni­
tude of these sources and evaluate. the treatment effec­
tiveness of several BMP's at the source. 
Land-use Monitoring 
To achieve the objectives of the 'project, changes in water 
quality must be related to changes in land u�e. To this end, 
land use and agricultural activities in the watershed are 
being monitored on an intensive,' field-by-field oasis. Data 
are being'collected on activities such as time, location, 
and magnitude of· manure· application, land tillage, and 
crop harvesting. These 'data 'are beihg'processed through 
a geographic information system (GIS), a computer-based 
mapping overfay system wit� �ighly specialized capabili­
ties for the analysis and display of spatial dat�. 
RESULTS 
BMP Implementation 
Implementation of BMP's began in 1 980 and is now nearly 
complete. A summary of contract and implementation sta­
tus is snown in Table 2. All expected contrac;ts have been 
signed, bringing 2,851 ha of farmlai'Jd under ppntract. The 
26 manure storage struct�,&res completed can ·collectively 
store. 70 percent of the· manure generated in the water­
shed. All projected conservatiol) cropping systems and 
most barnyard and rhilktJoLse waste management sys­
tems have been·-=contracted; some installation work on 
these BMP's remains to be done. Over $700,000 of Fed­
eral cost-share furi'Cfs hilve been paid to date, of which 80 
percent has been ·applied to manure management BMP's. 
STREAMS AND RIVERS 
Water _Quali,ty 
Water quality in the monitored watersheds has· been 
highly variable. Concentrations of sediment a?t:l nutrients fend to' differ significantly· among the watersheds and 
show strong seasonal variation. Concehtratio'ns peak dur­
ing periods of high runoff, a pattern characteristic of non­
point source activity (NovotnY' and Cheste'rs, 1 981 ). An­
nual mean total phosphorus concentrations of 0 .125 mg/L 
in watershed 2 and 0. 130 mg/L in watershed 4 are higher 
than the average 0.082 mg/J: 6f total pliosphorus in 
streams draining agricultural watersheds in'the noftheast 
reported by Omernik (1 976). 
Mass export of sediment and nutrients from the moni­
tored watersheds has also been quite variable. As is typi­
cal of nonpoint runoff, 50-70 percent of the annual load 
tends to be exported during the spring runoff .period, usu­
ally in a few major storm/melt events. Significant-export 
also occurs during storroflow if'\ the fall. 
Ranges of annual areal export from two monitored wa­
tersheds in the LaPiatte Siver watershed are shown. in 
Table 3. Export of total P and dissolved inorganic P gener­
ally tends to be higher than loadings reported by Omernik 
(1976) for agricultural watersheds in the northeast and 
within the range ob�erved in watershed' studies jn the 
Great �akes basin (PLUARG, 1 978). Sediment export has 
been generally veryJow, w.,hile nitrogen expQrt has been 
within the lower r�nge of value$ reported el�ewhere. 
Thus, nutrient export, .particularly phpsphorus, app,ears 
to be the primary nonpoint.problem in Jhe:LaPiatte River 
watershed, and while sediment loads.appear relatively mj,.· 
nor, soil loss from individual fields may be significant. 
DISCUSSION 
Detecting sigf'\ificant changes in water quality,atiributable, 
to land use changes on a 'watershed scale is a.· difficult 
task. In a recept'study, Per�son et al. (1 98�) observed th,at 
the incremental nature of BM� tmplementation, \OQeth�r1 
with climatic variation, tended to obsc,ure obviou's. 
change�Jn w.�ter quality. This.�tu�x is no EJIXC�ption, _Fur.-. 
thermore, the absence of preproject water quality data 
makes a relatively straightforward �afore--after compari­
son. impo�sible. Thus, 111ore complex'techniques of trend 
analysis are required. 1 
Table 2.-Con\l'act and Implementation summary, LaPia,tte River Watershed Project. 
• • ·Contracted · • • • • • • • · • • • • · • • · • • • · • • • · ·Implemented • • • • • � • • • • • • · • • • • • • • · • • 
No. of Waste No. of No: of Conservation 
No. of manure utilization 1 barn- milk- cropping 
Reportihg year farms Ha storage (ha) yards Houses (ha) 
1 980 4 656 0 0 0 0 0 
1 981 1 6  1309 9 641 1 5 0 
1 982 6 655 1 1  543 2 4 387 
1 983 1 231 5 372 2 7 170 
1 984 0 0 1 1 84 4 1 386 
Totals to date 27 2851 26 1740 9 17  943 
Projected 27 2851 26 1740 14 19  1001 
'Area receiving manure according to BMP. 
Table 3.-Range of annual areal export observed from two monitored watersheds cqmpared with literature values." 
Export 
Total suspended solids 
Total phosphorus 
Dissolved inorganic phosphorus 
Total Kjeldahl nitrogen 
Ammonia nitrogen 
'Total nitrogen. 
Watershed 
3 
28-65 
0.3-0.4 
0.1-0.2 
3. 1 -3.6 
0.3-0.4 
187 
Watershed 
4 
· 1 1 -96 
0.2-2.3 
0.1-0.8 
1 .4-20.4 
0.1-2.3 
Omernik 
(1976) 
0.2 
0.1 
6.31 
3.7 
PLUARG 
(1978) 
3-5600 
0.1-9.1 
0. 1 -0.6 
0.6:421 
PERSPECTIVES ON NONPOINT SOURCE POLLUTION 
Four approaches to preliminary trend' analysis ·in the 
LaPiatte River watershed have been employed. Tl)�se 
are:)1) 'least-squares tit over tim,e,f-w'here the slope of a 
regression line through the data may be suggestive of. a 
trend; (2) complirison of annual means, where a two-sam­
ple t-test is used to confirm significant differences be­
tween years; (3) comp�rjsqn of frequ�ncy distributions; 
and (4) .Paired watershj:�d .ar;talysis. C_omplete results of 
pralimjnary trend. analysis .!ire presel)ted in. the most re­
cent .annual project report (Meals, 1 984). T-he latter two 
methods will be discussed )n greater detail., 
Frequency Distribution 
The cumulative frequency distribution is useful for basic 
data description and for assessing year-to-year changes 
in water q!Jality. Such distriblltions, where the proportion 
of observations less than or equal to the value of'each 
observation is plotted as a percentage of the total number 
of observations, may be used to evaluate extreme values, 
such as peak concentrations during runoff periods. Fur­
thermore, _-the probability of .exceeding some specified 
level in a given year can be easily derived from the distri-
bution: . 
· Frequency distributions of concentration, discharge, 
and export data are generatecf for each year. Figure 2 
shows a set of cumulative'frequency plots of weekly mean 
log' tptal Kjeldahl 'nitrogen ·(TKN) concentration data 
grouped by project year. Shifts in the plots between years 
cao indicate trends In the data; differences between the 
distributions are tested for significance tJsing the Kolmo­
gorov-Smirnov 2-'Sample Test. - In . Figure 2, the curves 
generally shift to the left (i.e., toward lower concentratiops) 
with succeeding years, suggesting a decreasirtg tendency 
for TKN,concentrations in watersh�d 1 .  Statistically signifi-
6al')t djfferences (P .s 0.10) ..._.,ere confirrtled petween each 
df the distributiohs'except between. years 4 and 5. 
. . Extremes i.n the data ll)�Y be evalu�ted by, comparing 
the'pro!Jability-of exceeding (P8) a particular critical value 
in succeeding years, where P� is defined as 100 percent 
· minus'the cumulatiy'e frequeric;y perc�ntage of the critical 
value. Probabilities of exceeding 'particular critical values 
are plotted for each year; and the shape'of the curye inay 
indicate a trend. The critical values seleCted may be water .. � . quality stahdards or some other specific concentration or 
load. In this case, critical values have been arbitrarily set 
as the long-term mean of values with a Pa of 5 percent in 
the control watershed (watershed 3). It should be noted 
that the general·· shape of the resulting curve is indepen­
dent of the particular critical values selected. 
lAgend .. .....  
X �_!_ 
0 g_�--
· �-
Figure 2.-Example of cumulative frequency plots grouped 
by proJect year. · 
An example of such a plot is shown in Figure.·3Jor mean 
weekly discharge, total suspended solids (TSS), total 
phosphorus crm .. ,and ' TKN' .export from watershed .• 2. 
P�obabilities of �xbeeding all )bur param�ters ·appear to 
hav� increased significanw (P s_ 0.10) throt,Jgh year 4; that is� the likelihood of, �ceeding the critical val�:�es l)as 
increased. Differences in Pa for ,discharge, and forTP al)d 
TKN export .between year;s 4 and 5 were not significant, 
but the lack of significant increase ,may itself be important. 
This .approach is quite.sensitive to climatic variation; the 
increasing P 8 values for 8}<port in Figure 3 parall,el inpreas-
ing p e for �tream aischarge.. . 
Paired Watersh�d Analysis 
This approach compares the behavior of two watersheds, 
where one is assumed to be the!control (untreated) and 
the other the experimental (treated) (Hewlett and Pienaar, 
1 973). A linear regression is performed on paired data 
when both watersheds are treated similarly (the calibration 
period), with the control waterst)ed · serving as the inde­
pendent variable. Following treatment of the experimental 
watershed, a second regression is performed. Significant 
differences betw�en the calibration and.\reatmenr regres­
sions indicate the treatment 'effects. The major advantage 
of this technique is that climatic and hydroi9Qic, variabil!ty 
is controlled by the inclusion of the control watershed. 
For this analysis,' waterstied 3'is taken as the control 
watershed (no BMP's) against the treated watersh!'Kfs (ex-., 
tensive BMP's). Because of the lack of preimplemEmtation 
data, there is no cleat calibration period; rather, succes­
sive years' paired · regressions · may be examinea for 
trenc;ts. 
Three years of paired waterShed regression lines for TP 
expbrt from watershed 2 and 3. are shown in Figure ·4. 
EacJi of the regression lin,es is statistic�lly significant (P s 
0:001). Testing for differences between lines b9 anal}isis of 
variance of regression coefficients shoWs that the lines are 
significantly differept fror'n.. each other (P s '0.01). From 
Figure 4 it ean be seen that, for ·a TP exPort 'of 1 00 ,kg/ 
week from the control watershed, the regr�ssions predict 
TP exports from waiershep 2· of· 000 kg/week in year 2, 
315 kglw�ek in year 3, and 150 kg/week .in year 5. Thus, 
there is a tendency, for decreasing TP export from water­
shed 2 relative to the control. 
Net change between years, based on th� paired water­
shed analysis, may be estimated by examining the devia­
tion of the current year's d'ata •from predictions derived 
from earlier regressions (Hibbert, 1 969; Hornbeck· et al. 
1 970). For example, year 5 export values from the control 
PROBABUTY OF' EXCEEDANCE - DISCHARGE At() EXPORT 
WATERSI£0 2 
LAR.ATIE RIVER WATERSI£0 I'RO.£CT 
•r.---,----.---,,----.---.---� 
YEN! 
Figure 3.-Piot of exceedance probabilities for dlscl)arge 
and export from watershed 2. 
· 
watershed 3 are inserted into earlier regression equations 
to determine "untreated"· predictions of water$ed 2 ex­
port; that is, predictions .of what export would beJn year 5 
in the absence of change. These predicted values are 
subtracted from observed year 5 watershed � export, and 
the differences are .su'm!'Tled to yield an estimate of het 
change. Furthermore, when individual weekly differences 
a�� piQtted agaif'\St �ime, the timing of deviations emerges. 
Sue� a pattern may characterize seasonal BMP perform­
ance. 
sbme' results of this procedure are shown in Table 4. 
Export of most constituents appeared to increase, but 
there. 'Was a net decrease in TSS and TP · export from 
watershed 2 between years 3 and 5. When weeki� devia­
tions in TSS export are· plotted (Fig. 5), it is 'evident that 
·positive deviations (export higher than predi9t�) tended 
to occur during warm weather storm periods, while nega­
tive deviations (export lower than predicted) occurred 
mainly during the spring runoff period. Deviations are sig­
nificant if they exceed the 90 percent confidence intervals 
placed around the calibration regressions (CI = ± 1 .4 kg/ 
week in Fig. 5). 
CONCLUSIONS 
Agricultural. nonpoint sources contribute significant quan­
tities .of nutrients to the surface waters of, the LaPiatte 
River watershed. Extensive application of BMP's through­
out the watershed, focusing on animal waste manage­
ment, began io 1980 and is now nearly complete. A de­
tailed water quality data base has been established 
,through � comprehensive monitoring program and will 
continue through 1991 . Variability in climate, streamflow, 
and water quality, and the lack of a preimplementation 
data base have obscured clear changes in water quality 
resulting from BMP imp!ementation. However, preliminary 
trend analysis of monitoring data suggest that sediment 
'nlble 4.-Net difference: observed minus predicted export 
from watershed 2, LaPiatte River Watershed ProJect. 
Parameter 
TSS export 
TP export 
TKN export 
+ • > Predicted 
- • < Predicted 
U I 
Year 
3 vs. 4 
- 409355 
+ 33 
+ 1013 
Year 
4 vs. 5 
kg/ha/yr 
+ 346365 
+ 31 2  
+ 1 8n 
-
Year 
3 vs. 5 
- 1 1 8936 
- 59 
+ 1055 
legend .. ...... . 
x ��­
D m!! ... 
Figure 4.-Palred-watershed regression lines for total phos­
phorus export, watersheds 2 and 3. 
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and nut(ient loads ma}(be decreasiogJn.some parts of the 
watershed. Gontinued monitoring,' niore .rigorous .trend 
analysis, andl� results of an intensiv� ·rand y� monitor­
ing effort are expected to provide a more..definitive assess­
ment "Of the effects of BMP's on water quality. 
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..------ ABSTRACT ------. 
A summary of nonpoint source water quality data gener­
ated by a monitoring program undertaken by the Rice 
Creek Watershed l;)istrict from 1 974 to 1 984 is presented. 
The monitoring program focused on establishing the 
characteristics of the nonpoint source runoff generated 
from 21 subwatersheds that were delineated within the 
472.7 sq. km watershed district. Fo( each of the subwa­
tersheds, areal loadings and flow-weighted m�an con­
centrations of total Kjeldahl nitrogen, total phosphorus, 
orthophosphorus, total suspended sbnds, and chlorides 
are presented. Detailed1and use and hydrologic informa­
tion for each subwatershed are also presented and ana­
lyzed along with the water quality information to allow the 
nonpoint source water quality data to be' used to model 
nonpoint sourcE!' runoff characteristics of other similar 
subwatersheds. 
INTRODUCTION AND BACKGROUND 
The Rice Creek Watershed District is located immediately 
north of the cities of Minneapolis and St. Paul, Minnesota 
(Fig. 1 ). The District has 31 municipalities or townships 
within its 473 km2 tributary drainage area. Land use 
ranges from agriculture and open space to high-density 
commercial and residential development. Nonpoint 
source water quality has been monitored within the Dis­
trict from 1974 to 1984. The monitoring programs were 
developed to provide managers with information on the 
quality of the nonpoint source runoff generated from 21 
subwatersheds·.within the_ District. This inforr{lation was 
subsequently used to identify and isolate water quality 
problems, and to develop solutions to them. This informa­
tion can" a,.lso be used to estimate typical nonpoint source 
pollution concentrations and loadings from subwa­
tersheds with similar areas, soils, and land use, but for 
which no water quality information is available. 
DESCRIPTION OF MONITORING 
PROGRAM 
Two nonpoint source water quality monitoring programs 
were employed by the District during the past 10  years. 
They include the Rice Creek Watershed District Stream 
Monitoring Program from 197 4 to 1984, and the Long 
Lake Chain of Lakes Stream Monitoring Program, which 
was completed from 1977 to 1984. 
The Rice Creek Watershed District Stream Monitoring 
Program generally consisted of measuring the flow at 13  
stream stations within the District 1 2  times/yr (Fig. 1 ). The 
stream stations were R1 ,  R2, R5, R6, R7, R7A, R8, RSA, 
R9, H1 , H2, C1 , and C2. Samples were collected during 
six of these 12 flow-measuring trips. 
The Long Lake Chain of Lakes Monitoring Programs 
provided water quality information for stream stations B, 
C, D, G1 , F, H1J,  N, and JL3. For these stations, flow was 
gauged and samples collected approximately 12  times/yr 
from 1977 to 1983. 
All samples were analyzed for total Kjeldahl nitrogen 
(TKN), totatphosphorus (TP), orthophosphorus (OP), total 
suspended solids (TSS), and chlorides. The analysis pro­
cedures y.rere those outlined in the most recent edition of 
Standafd Methods for the Examination of Water and 
Wastewater, published by the American Public Health 
Assn., Washington, DC. 
These nonpoint 'source water quality data were further 
examined by two methods. In one case, the discharge rate 
of the stream and its pollutant concentrations determined 
the flow-weighted mean conc'entration of the pollutants in 
the stream. In the second case, the pollutant concentra­
tions and flow determined the pollutant loadings. It was 
necessary to evaluate the data using both these consider­
ations to accurately interpret water quality in the areas 
investigated. 
DISCUSSION AND RESULTS 
The flow-weighted mean concentrations of various param­
eters at each monitoring station are tabulated in Table 1 .  
The water quality at each station is also ranked relative to 
other subwatersheds in tile District and shown in the right- . 
hand column of this table. A ranking of 0 indicates rela­
tively good water quality and a ranking of 5 indicates that 
the water quality was among the pPOrest. This ranking 
was derived by comparing the flow-weighted mean con­
centration of a given parameter at a given station to the 
average for all stations. The number of parameters that 
exceed the average is listed in the far right column .to 
provide a relative measure of water quality for each 
stream station. 
It is not surprising that at each of the three watersheds 
with the best water quality based on a flow-weighted mean 
concentration, a lake was located at the subwatf:V"shed 
outlet. These lakes provided treatment for the stormwater 
discharged from the subwatershed. The highest concen­
tration of nutrients and solids in the stormwater runoff 
appears to be present at monitoring stations B, G1 , and D. 
These stations monitor runoff generated from highly ur­
banized areas. 
Table 2 provides hydraulic and nutrient loading� from 
local subwatersheds. This information was derived by tak­
ing the hydraulic and nutrient loadings observed at the 
outlet of a subwatershed and subtracting from it any hy­
draulic and nutrient loading that was generated from sub­
watersheds upstream. This allowed a segmental hydraulic 
and nutrient loading to be determined that was then di­
vided by the area to get an areal loading in kg/km2/day (lb/ 
m2/day). 
The subwatersheds with the highest nutrient loadings 
on an areal basis are 14C and 0, 1 6 +  13C, and 15. It 
PERSPECTIVES Of':! NONPOINT SOURCE POLLUTION 
Figure 1 .-Rice Creek Waterihec:i District water quality monitoring stations. 
18ble 1 .-Fiow-welgh�ed mean concentration (�UJL) (based on monitoring data g�nerated from 1974'-,984):. 
"Ranking 
Monitoring Watersh� 0-Best 
Station number TKN TP OP TSS 'Chlorides 5-Worst 
R9 1 2.77 .21 :o57 21 .5 22.01 � 
R8A 3 1 .20 .08 .055 3.3 1 1 .02 0 
H1 4+5 1 .52 . 15  .1 1 0  4.7 9.47 1 
H2 6 1 .63 . 1 6  .22 9.2 10.55 2 
C1 8 1 .49 .07 .023 3.9 22.98 0 
C2 9 1 .83 .1 1 .059 10.8 24.40 1 
R7A 1 1  2.62 .1 1 .06 8.0 1 5.06 1 
R8 1 2A 1 .95 .21 .1 14  6.0 1 5.70 3 
R7 1 28 2.05 . 1 1  .040 6.5 15.70 1 
R6 1 28 2.20 .23 . 149� 10.4 17.10 3 
135 1 3C 2.04 .20 .101 10.5 1 8.84 3 
8 1 3C 1 .99 . 19  .089 15.4 19.58 4 
N 14A 1 .56 .1 1 .067 1 1 .0 30.50 0 
H1J 148 1 .1 5  .08 .038 7.0 72.5 1 
G1 140 1 .63 .20 .098 1 3.8 59.08 � 
F 1 4E 1 .28 . 16  . 102 6.6 67.15 3 
D 14C 1 .76 .21 .227 38.5 77:41 4 
JL3 15A 1 .27 . 1 6  . 125 9.2 74.0 3 
c 1 58 1 .49 . 1 2  .044 15.9 61 .73 1 
R2 1 6  1 .77 . 1 4  .053 16.9 32.42 2 
R1 1 6  1 .82 . 15  .062 12.6 32.55 2 --
Average 1 .76 0.15 0.85 1 1 .50 33.8 
1� 
should be noted that stations G1 and D, which 'were previ­
ously identified in Table 1 as havin9 high flow.weigbted � 
mean concentrations •. . are also 'I9Cate� in th.��e .�ubw:- .  tershe<ts. :- � •. t' 
TabJe 2 also sh�:'is that su�ate{she�s 2 + '3 -�;'1 �· 
10 + 128, ao�l3A t.1 3B pl�s p�rf of 1 3C have a negat1v� 
loading ot-·nutrients and solids. 'fhis negative ·sign indi­
cateS that the�ubwatersned rem6ves more of a particular 
pollutant froni·the watei!·passing through· than It ·is pres­
ently generating. The� subwatersheds act as stormwater 
treatment areas, with the treatment generally taking place 
alon9\1he chaio of lake� from Baldwin L,.ake to Howard 
L.ak� .• Lani::l use and soil;� information for each of the sub­
wat�rsheds are shownJn·Tables 3 and 4. 
STREAMS AND RIVERS 
SUMMARY AND CONCLUSIONS 
t � (. lr 
Nonpoi�t source runoff from 21 subwatersheds within a 
473-klp2 watershed was monitOred from 1974 to 1 984. 
The results of thi� monitoring reinforce many expected 
nonpoint sourG_e water,quality relationshiP,S, Including: 
1 :  The'. !&est-surface water quality was found immedi· 
ately downstream of lake outlets.· 
2. Lakes and wetlands have the ability to remove nutri­
ents and solids fr,om wate11 routed through th�tn. 
3. The most concentrated solids-and nutrient loadings 
originate from hlgher density urban :areas. 
The 'information presented here can expand the non­
point source ruriQ.ff data base, and assist in mddeling non­
point sburce poftution in watersheds similar to Rice Creek 
Watersl1ed Distnct. • ' 
� { • Table 2.-Hydraullc and nutrient loadings from individual watersheds. 
o .. •r � Flow Ranking 
Wltlrfhed Number· Area Rate TKN t' TP , OP . TSS c t .Chlorld�s. o-Best> 
or Delplptlon ··� p (mP) (ctslm� Qbslm�/day) Qbslml2/day) (lbslmi2/day) jlbslml2/c!!Y) (lbslml2/day) 6-Worii 
1 "'(. 10.75 1 .16: � � 0.31 131 .20 134.§0 3 
. Part..�J WS 3 Trib1,1tary to I .,.  .. 
Ronde,au Lake 1 .3 � 33.38 2.69 � 88.85 343.46 5 --4 and 5  19.52 0.7�, .  5.18  p.._46 . �  15.26 ' � 33.92, 61 .;:.'( 8.71 t 1 .03 9.29 0.82 ,2.88 72.32 64.60 ' .. 7 and 8 31 .39 ; 0.37 2.�7 1).15  2.:.2§. 6.15 �9·�� 
92 12.35 , 0.69. 8.42 ,0.55 � 66.93 65.78. ., 
1 1  10.28 ,. 0.59 7.16 0.37 QJ.§. 18.21 34.03 1 
o.1.5 0.93 
.. 
2 + .� .+ 12A3 23.64 0.73 \""0.28 -74.3- - 6.87. 0 10 + 1284 9.96 0.69. 18.67 -2.10 -2.08 58.75 13.06 )-
13A + 138 + Part of 13C5 7.5 0.70 ' 2.32 -3.4 -6.05 - 58.68 87.64 0 
14A 1 .31 0.99 9.92 0.53 0.38 55.34 145.80 1 
1488 4.25 � 9.78 0.56 2:.!1 66.6 � 3 
14C + 140 3.25 � 13.25 k1!! bQ§. 1 1 2.55 � 4 
Part of 14E Upstream of Co. Rd P 1 .31 1 .22 -0.53 0.53 ug, � 661 .7 3 
14E8 2.01 U2 §2:2. 2:.Q.Z � 1 ,620.4 1,788.7 6 
15 7.67 1 .42 10.89 ill Q1!!. 174.51 324.50 4 
16  + part of 1 3C9 10.52 1 .05 � � -3.21 441 .6 -2e3T 3 -
TOTAL 165.72 22.78 274.96 17.36 .23 3,�7.5 4,544.78 
AVERAGE 9.75 1 .34 16.17 1 .02 .0135 198.09 267.34 
Note: Underlined vel�.,. higher than the arithmetic average. 
A negative sign (-) lndlcatee the watershed removes rriore of that particular pollutant 
from� � through It than It generates. 
11btaJ loadlilgs dlecharged from watersheds 4 and 5 were subtracted from thOse 
dllcharged from watershed 6. 
ltJbtal loadings discharged from watersheds 7 and 8 were subtracted from those 
dilcharged from watershed 9. 
3Jbtal loadlngs dllcharged from watersheds 1, 6, and 9 were subtracted from thOse 
dlscharged.lrom watershed 12A. 
4lblal loadlngs discharged from watersheds 1 1  and 12A were subtracted from those 
ditlcharged from watershed 128. 
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!Sfotal loadings discharged from watershed 128 were subtracted from the loadings 
present at Rice Creek upstream of Lexington Avenue (Monitoring Station R5). 
e,om1 loadings discharged from watershed 14A were subtracted from those dis­
charged from watershed 148. 
7'fotal loadlngs discharged from watersheds 14 and 14E were subtracted from load­
Ings diSCharged upstream of County Road F (Station F). 
"lbtal loadlngs diSCharged from watersheds 148 and 140 were subtracted from those 
discharged from watershed 14E. 
9-Jbtal loadlngs discharged from watersheds 14E, 1 58, and the part of watershed 13C 
upstream of Lexington Avenue (Monitoring Station R5) were subtracted from those 
discharged from watershed 16. 
PERSPECTIVES ON NONPOINT SOURCE POLLUTION 
Watershed 
No. 
' 2  
3 
4 
5 
6 
7 
8 
9 
10  
1 1  
12a 
1 2b 
13a 
13b 
13c 
14a 
1 4b 
14c 
14d 
1 4e  
1 5a 
1 5b 
16  
Area 
(acrea) 
6,884 
4,019 
8,170 
9,507 
2,992 
5,573 ,, 
1 1 ,545 
8,544 
7,904 
4,234 
6,582 
2,944 
12,256 
1 ,458 
832 
7,286 
842 
2,718 
529 .� 
1 ,547 
836 
2,310 
2,599 
4,701: � 
Area 
(ml2) 
10.75 
6.28 
1 2.76 
14�85' 
4.67 
8.71 
1 8.04 
13.35 
1 2.35 
6.62 
10.28 
4.60 
19.15 
2.28 
1 .3 
1 1 .38 
1 .31 
4.25 
.83 
�.42 
1 .31 
3.61 
4.06 
7.35 
' . 
"nlble 3.-Land use within watershed. 
� \ . ..- � .v I If.• -='t · · · · · · · · · · · · · · · · · · :  · · · · · · · · ;· · · · - · · Land  use1%) • · • · • • · • · • • · • · • • · • • · • • · • • • • · • • • • .•: • • '"·' 
Slngll Multiple , ·eomriler, lndl!ltrlaU Undeveloped. SCS Tlme'DI 
Open ., family flmlly. • ciiU mlllllflc- Agrlcu� vacant and' I'Urioff coricentrltlon 
Wetlands water rttldentlll r'eslclentlll r8tall 'turing tUral ' Open .,.� -�not .� (boVrs) 
20 
'18 
42: 
13  
25 
7 
5 
1 7  
6 
7 
1 9  
13  
21  
26 
1 
9 
8 
1 
1 
33 
1 
1 
2 
� ... 
0 
1 2  .! 
3 
0 
2 
27' 
d 
5 
0 
1 
32 
14 
1 
45 
3 
·14 
9 
23 
1 4  
1 
3 
7 
8 
1 
1 
''2 
.10 
,22 
2!t . .,, 
2 
5 
6 
2 
8 
1 1  •. 
50 
60 
60 
.. '6'2 
1 7  
3 
25 
4!J 
60 
67 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
� ·  
0 
0 'I 6 
0 .  
1 
0 
1 
0 
0 
0 
3 
8 
2 
1 94 
2 
1 
0 
0 1 
0 0 
1 
2 
0 
1 
0 
1 1 
4 2 
0 0 
2 8 
0 0 
1 9  2 
0 31 
1q, 25 
0 1 5  
32 
10  2 
5 10  
25 
39 
24 
so 
58 
60 
23 
29 
66 
80 
60 
25 
20 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
28 
40 1. 
20 
31 
1 5  
19' 
2o 
1 5  
18 
7 
1 1  
27 
35 
50 
4 
16  
1 8  
5 
28 
47 
26 
1 2  
12 
6 
?�-
82 
za 
• 80 
7'6 
81 
81 
74 
76 
77 
88 
79 
74. 
87 
71 
77 
79 
79 
76 
75 
78 
n " 
76 
.· �s.o: f., ... . 
23,0,.. 
26.4 
25.0. 
'7.7 
1s.o 
9.2 
10.0 
6.0 
1 8.5 
1 2.5 
4.9 
22!2 
2.0 
t.O 
4.5 
'' '2.5 
3.9 
1 .3 
1 .3 
1 .2 
4.5 
1 .9 
• 2.8. 
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'• 
�ble 4.-General eoll aseoclatlons: Rice Cree_!( Watershed District, by subw!lterahed • 
Soli 
No. Auoclatlon Co.1 Topography 
Hubbard-Nymo� A Neerly level to 
gently sloping 
2 Zimmerman-lsantl-Lino AIW Nearly level to 
undulating 
3 Rifle-Isanti A Nearly level 
4 Antigo-Chetek-Mahtomedi w Nearly level to. 
steep 
5 Zimmerman-Urban and Rifle R Level to gently 
rolling 
6 Urbanland-Chetek Mahtomedi R Level to very 
steep 
7 · Hayder-Kingsley-Hayden A\ Gently 
undulating to 
steep 
,8 Nessei-Dundas-Webster AIW Nearly level to 
gently sloping 
9 Hayden-Kingsley w Undulating to 
steep 
10 Hayden-Nessei-Dundas w Level to !J8ntly rolling 
1,1 Santiago.;.Kingsley w Undulating to 
steep 
1 2  Demontreville-Kingsley w Undulating to 
steep 
13 Hayden-Urbanland R Undulating to 
steep 
14  Kingsley-Urbanland R Undulating to 
steep 
15 Antigo-,Comstock w Level to 
moderate 
16 Urbanland-Waukegan Ff Nearly level 
to very steep 
1A • Anoka County w - Wuhlngton County 
R ·  Rameey County 
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,• 
Drainage 
Excessively 
drained 
Excessively 
drained 
Very poorly 
drained 
Well drained 
to excessively 
drained 
Excessively 
draiiled anctvery 
poorly drainep 
SomeWhat 
drained to 
excessively 
drained 
Well .. drained 
Moderately well 
drained to poorly 
drained 
Well dra,ined 
MQderately' well 
dr�:�Jned to poorly 
drained 
Well drained 
Well drained 
Well drained 
vyen drJtined 
Well draiped,.�o 
somewhat �rly 
drained. ' 
Well.drained 
and somewhat 
excessively 
drained 
Te�ure '"' 
Sar;tdy 
throughout 
Fine sand 
Orglinic 
, ,  
material and· 
fine sand 
Moderately 
coarse and 
coarse 
Coarse and 
organic 
Moderately 
coarse and 
coarse 
Loamy' 
Loamy 
,coarse 
Moderately 
coa�se 
.Medium to " 
moderately 
c�ars� 
Coarse to 
moderately 
coarSe 
Moderately 
coarse 
Moderate!y 
coarse 
;tJJecti�m 
Medium 
. ' Parent 
' m�te{laf� , , 
..Outwash 
Outwash 
'· 
Outw.ash 
.bun,tas� 
terraces 
Outwash 
Outwash 
Glacial till 
Glacilil till 
�lacial till "" 
Glacial till 
..., 
Glacial till 
Glacial till 
'Glacial till 
� 
qlaqial tiil 
4tcustrine 
. 
1 Qutwash 
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Kansas Depar.tmehf ot Health· and 'Environr:nent 
Topeka, �arl�as 
� . ------ ABSTRACT __.:.,_-----.. 
Routine monitoring of Kansas surface waters began in 
1 973 with a network of 1 1  <sites and continued in 1984 
with over 1 00 fixed stream sites and over 40 rotating lake 
sites. A change i.n d�tection liJllits in 19?7 led to a dra­
·matic ' increase in tile number of pesticides- det�ctecf. 
Since • 1971'' thE! most' consistently found pestibitl,es ill' 
stream samples have been atrazine (17 percent), alachlor 
(5 percent), 2,4-D (4 percent) and Dual (4 percent). Lake 
sampling siJes revealed the,same·.pattern.•f..lthougl;t ·re­
cent numbers .of detectio.ns al'jc (concentration'levels 11re. 
higher than earlier fn the, program, a clear .temporal paJ. .... 
tern is riot evidpnt. There are,,hc;>w��er, ciEW,P?.ttern� iry 
the location'-where the pesticides are routinely 'found. 
Eastern Kansas streams �nd, !a�es ·ShOVI( the mqst·col]­
sistent pattems of pe,sticide detection, probably r�(ated to 
use anc;t . r\)noff conl:litions. Pesticides have( 'also • been 
fqund Jn treated drinking water that originated from lake 
· w.ater. TreatQ'lenf reduceq concentrations about one-third . .  
fr.om tho$e found in  the ,raw .lake' water. . · . 
- ... •· ,: ..  . .. 
' 1 
INTRODUCJION 
The Kansa� DeRartment of Health and Envi.ronment 
(KDHE) has maintained a ·water. quality monitoring net­
work in stre�ms and lakes in Kan�as·for maQy years .. Pes­
ticide data have oeen collected routil'lely fr'orti stream sites 
since 1973 and from lake s1tes since 1975. The objec;tive 
of this report is to summarize the pesticide monitoring 
data and to evaJuai:e its water quality significance. 
SOURCES OF DATA 
Ambient Stream Water Quality Network 
The Ambient Stream Water Quality Network began moni­
toring for pesticides in 1973. The distribution of the Net­
work sites across Kansas reflects both hydrological char­
acteristics (rainfall and· runoff). and pollution source and 
potential (population centers, point and nonpoint sources). 
Network sampling b�gan with about 4Q stations, 1 1  of 
which were sampled for pesticides, some monthly. As the 
network expanded in the 1970's to 100-120 sites the pes- · 
ticide sampling · frequency dropptid first to semiannual, 
then to annual. Tbe sa11Jpling �chedule has generally, · 
been spread out throughout the year, with more emphasis 
in the ice-free periods. All pesticide and other data are . 
stored on STOREl; ·EPA's water q4ality data bal3e. · 
Lake Monltorjng Program 
The Lake Monitoring Program sampled 58 la'Res 1 to 6 , 
times from 1975-1982. Lakes were sampled anytime from 
April to October. The lakes included 22 Federal l�kes (sur­
face area ranging from 440 to 6400 surface hectares) 
sampled on a 3-year cycle and other smaller lakes (sur­
face area from 10  to 300 surface hectares) sampled irreg-
ularly. Additional sampling of some Federal lakes occurred 
during . 1 984. Sample sites. were generally on the main 
body ofJhe Jake, with occasional sampling df inflows·and 
outflows.of Federal lakes. All pesticides and other data are 
stored'on·STORET; EPA's water quality data base. 
Water. �!.Jpply Lake Studies 
During 1983, pesticide samples were taken from 19  water 
suJ:1plyl lakes in eastern Ka11sas fro'!' spring to fall .  For 
these' 19  Jakes, historical pesticide data from the treated 
water {part of routine triannual organic scr�ening begun in 
1977 for ·these communities) also are summarized. In 
f9B4: KDHE surveyed pesticiqe concentrations in raw and 
tre�t�d'Jake water 'froni three communities suspect�d to 
hat-e· pes\itides in raw a�d treat�d water. Water samples 
I(Vere taken in May and September. 
. Metho'ds of Collection and Analysis 
Water samples were collected in solvent-rinsed gallon 
dark glass jugs, filled by emersion or by pouring from a 
'stainless steel bucket. Analysis is by GC/EC by the Office 
of Laboratories, �DHE, according to EPA procedures: 
RESULTS 
Over 700 samples were collected from the Stream Net­
work before 1977 without detecting any .pe�icides. In 1977, tbe detection limits for a number of pesticides were 
lowered and pesticides began to be detected (Table 1 ). 
Five different pesticides were initijllly detectetl in 1977. 
Since 1977, a total of 21 different pesticides have' been 
found above their detection limits (Table 1) . The number of 
different pesticides_ detected in any one. Water Year has 
been as low as 5 (in 1973) and as high as 1 7  (in 1983). 
Over the period of record, 5 of the 21 pesticides (atrazine, 
alachlor, Dual, 2,4-D and Sencor) have accounted·tor 77 
percent of the total detections (Table 1 ,  Fig. 1 ). The aver­
age rates of samples (detected plus undetected) havir:ag 
one of these five pesticides found in them since 1977 were 
1 7  percent with atrazine, 5 percent with alachlor, 4 percent 
with 2,4-D, 4 percent with Dual, and 2 percent with Sencor. 
Atrazine has always been the single most frequently 
found pesticide. In 1977, atrazine accounted for 13  of 23 
(53 percent� pesticide detections, and appeared in 6 per­
cent of all samples (Table 1). Atrazine detections have 
' been as much as 77 percent of the total pesticide detec­
. tions (in 1978) and atrazine has been detected in up to 33 
percent of the sites sampled (in 1983) (Table 1). 
No· pesticides were detected in the lakes from the start 
of the lake monitoring program in 1975 to 1976. Since 
1977, pes�i�ides have been detected in samples from 19 
of the 58 Jakes. Atrazine was the most commonly detected 
· substance, ranging from 1 .4 to 23.0 JLg/L in the Federal 
Jakes, and 1 .2 to 2.8 �tg/L in the other lakes (Table 2). 
Alachlor and Dual, the next most frequently detected sub­
. stances, were present at lower concentrations. Detections 
of ·sencor, Ramrod, and 2,4-D occurred less frequently. 
I 
The same general pattern holds for the water SJJpply lakes 
sampled in 1 �83 (Table 3)., 
Atrazine was detected nearly as frequently with alachlor 
(25 times) as alone (31 tirpes) in the LMP, while of Ute 33 
occurrences of alachlor •• qnly two were without atrazine. 
The mean concentration of atrazine was· higher when 
alachlor also was present (r,O "giL with alachlor, 2.3.J£g/L 
without alac�lor, T-test p < 0.001). 
The 1 983 water supply lake and historical treated water 
data (Table 3) show that those pesticides commonly found 
in lake water in 1 983..had also been deteCted in' the treated 
water over the period of analysis of the treated water 
(19n-present). Atrazine, alachlor, and Dual were the pes­
ticides found in the three water supply lakes sample� in 
1 984 (Table 4) . .  Only one lake had detected pe�ticide� in 
May, but all three had pesticides in September. Atrazine 
removal, estimated from the' September data, ranged from 
6. t percent to 40.6 percent. Based on only<>ne data 'J)Oint 
each, alachlor -removal wrul 1 9.2 percent, and Dual re­
moval was 41 .7 percent. 
DISCUSSION 
Temporal Distribution 
Despite the shortcomings of data· taken se111iannually or 
annually, a few temporal trends emerge from the stream 
data. The frequency of detection of several pesticides 
showed increases over time (atrazine, alachlor, Dual, Sen· 
cor, and 2,4-D) or decreases (Dachthal) (Fig. 2). The num­
ber of detections fluctuates widely, however. This is partly 
due to the relationship between the time of sampling and 
rainfall and the exact time of pesticide application. The 
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Figure 1 .-0verall frequency of detection of, major pestl· 
cldea from Kanda Ainblent Stream Water QualitY Network 
(1977-1984). . 
overall temporal trend is towards increased numbers'of 
detections (Fig. 2). Although at some'stations, the concen­
trations of atrazine may· be increa,sing, no clear temP<>ral 
trend in concentrations exists (Fig'. 3). 
Geographic Distribution 
P.hysical factors such as soil type, land topograp�y, rainfall 
amount, distribution, and 'intensity largely determine per 
tential crop types·-which, in tufn, determine pesticide us­
age. These same physical factors determine the need and 
. 
Table 1 .-Frequency of detections of pesticides from 1977 to 1984 frptn 1he' Amu.ent Stream W&tef'Quallty Network. 
Substance 1 977 1978 1 979 1980 ,1981 1982 198� 1984 Total 
Alachlor 2 6 4 2 3 7 1 5  1 1  50 
Aldrin 0 0 0 0 Oc  1 1 0 .2. 
Alpha-bhc 0 0 0 0 3 •• 0 0 0 3 
Atrazine 1 3  28 1 8  9 14 17 i 39 34 1 72 
Chlordane 0 0 0 1 2 0 1 0 4. . 
Dachthal 5 1 3 1-' ,, 1 0 1 t 1 3  
DOE 0 0 0 4 1 0 ·0 0 5 
Diazanon 0 0 0 0 2 0 1 0 3 
Dieldrin 0 0 0 0 0 1 1 ( 0 2 
Dual 0 0 0 5 5 .9 1 2  1 2  9 Dursban 0 1 0 0 0 0 0 0 L 
HCB 2 0 1 1 0 0 0 0 4 
Lindane 0 0 1 1 4 2 2 5 1 5  
Malathion 1 1 0 1 1 0 1 2 7 
Sen cor 0 4 1 ,1 1 5 3 9 ·?4· 
Propazine 0 0 1 0 3 0 1 0 5-
Ramrod 0 1 0 0 2 3 3 2 1 1  
1-Hydroxychlordene 0 0 3 6 4 0 1 0 1.4 
2,4-0 0 0 4 4 9 6 10 7 40 
2,4,5-T 0 0 2 1 1 2 1 1 ·a-
2,4,5-TP 0 0 0 0 0 ·o 1 0 1 -- -- � --
Total detections 23 .  42 38 37 56 53 94 84 427 . 
Total samples 209 1 61 1 19 1 03 1 06 1 00 1 20 1 1 7  -1035 
Table 2.-Summary of pesticide data from lakes sampled In tha.tllke Monitoring Progi'am front1979 to 1984. , ... , 
Data are In 149/L. 
Federal lakes Small lakes 
Substance Range Mean N Range Mean N 
Alachlor 0. 10:-3.1 0.82 21 0.36 1 
Atrazine 1 .4-23.0 4.8 43 1 .2-2.8 2.0 5 
Dual 0.26-2.6 0.74 19 
Sencor 0.05-0.31 0.1 8  8 0.21 1 
Ramrod 0.25-2.90 1 .00 5 0.27-1.3 0.79 2 
2,4-0 0.69-2.4 1 .37 4 0.42-0.48 0.45 2 
Propazine 2.6 1 
1 97 
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feasibility of large reservpirs. These large reservoirs (the 
Federal lakes), patterns 'Of pesticide usage, and physical 
factors combine to influence-downstream patterns of pes-
ticide occurrence. ... · • 
The Stream Network sites above tlle Federal lakes 
fhOW only sporadic pesticide oCcurrence, while those 
sit88 below. the Federal lakes show consistent pesticide 
detections, at least in the case of atrazine at, these major 
sites (Rg. 3). Thus, the reservoirs 'seem to be sequester­
ing pesticides load� during runoff. events/ and slowly 
"metering" Ulem out as water is released from the lake. 
(J) 
:z 
Q 
1-u w 
1-w 
, G:)  
I.e 
0 
a:: w CD 
� 
:::> 
:z: 
WATER' YEAR 
FlstUre 2.-Summary of number of detJctlons of most fr&l 
qutntly .found pesticides from 1977-1984 from the Kansas' 
An'iblent Stream Wate.-.Quallty lletwork. Total det6ctlons X' 
0.5 (hexagons), atra'Zine (open circles), alachlor (sonc:l 
llqllares), Ddal (open \quarea);",2,4-D (sOlid triangles), Sen­cor (open triangles), Dachthal [closed cltcles). � \. .,... \,.. 
Table 3.-Summary of pestlcltf, data from 1983 survey of 
co�munlty water supply lakea,' with historical trealed water ' ' cfa\8· Data a� In p.g/L: 
Substance 
Alac�lor 
Atrazine 
Dua( 
2,4-o 
0'-P'·DDE 
'p•�P!..DDE 
2,4:�r 
t: Lake Treated water • 
Range , N  Range N 
Ot28-0.36 
,,.4-4.0 
.0.54 
• .0.51 
10.1 2  
0.12 
0\21 
2 0.51-1 . 1 0  3, 
4 1 .2-4.8 1b  
1 0.33 1 
1 0.8-3.2 2 
1 
1 
1 0.22 
Two other;'ger$ral geographic-trenl!s are present in the 
Streari'l Network data. The first trend·involves sites drain­
.. lng OrtSan en�iror'ln'lertts .. Aitl'lough detections' are not con­
sistent, Et wide 'rartge ·ot �'Sticides are fbund, including 
'lindane,. chlordan&, dieldrin;' propazine, and others not 
,. found regularly at the oth�r ' r'letWCirk sites. The second 
lreild is the almost exclusive pfesence··of·one hydroxy­
chlordane at network Sites1n tM western, primarily wh'eat-
� producing part of the Stare. · 
-4'! •• f 
.Ys.e Inventory, Use;·lmpalrment, and Water 
Quality Criteiia 
,Aq�tic 'nfa, 1C�� be impaired by _these pesticides, Eil�Pe­
CifiliY �tnp:ine, for w�lch,_ tlle'!>esf data are availaple . .  L:abo-
� r�to�y and field stud1es have �h�wn tha,t ·a\razine c�u}1 af­
fec!_p�ytopl�nkton sucqes�jonal qha!lges, photosyn�hetic 
rat�s; and growttt rat�l:? (beNoyelles et al. 198� Kosinski 
and Merkle, 1984). Some effepts may qccw:. at concentra­
tionsln the range·1-20 �g/L as ob�eryeq by DeNov.elles et 
al. (1 982) and O'Kelley and Deason (1976). Brockway et 
al. (1984) indicated that atrazine concentrations,of 50 p.g/L 
or less could negatively effect phytoplankton communi­
ties. 
w 
z 
N 
<l: 
cr 
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<l: 
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WATER YFAR 
Figure 3.-Temporal trend of concentrations of atrazlne In 
strel\m water'above and below two major Federal lakes In 
Kan,as. Data 'rom the Kansas Ambient Stream Water Qual­
Ity Network (1977-1984). Solid symbols are data from below 
Federal Jakes, open symbols are.' data from above Federal 
lakes: Squares are 1\Jttle Creek Lake, and circles are Milford 
Lake. 
Table 4.--::-Summary-of pestlc(d• d!lta frdm synoptlc·1984 survey of three water' supply lakes11nd fheh' treated (tap) water. 
��bptance •. Source 
Alac;hkir Lake 
Tap 
Atrazlne· Lake 
Tap 
Dual Lake 
Tap 
Data are In p.g/l. 
LAKE #1 LAKE #2 LAKE #3 
May Sept. May Sept. May Sept. 
. 2.6; 
2.1 
2.1 3.3 4.2 16.0 
3.1 3.7 9.5 
0.38 1 .2 . 1 .1 
0.70 
198 
Klaassen and Kadoum (1.�79), Lynch et al. (1 982) and 
Brockway·_et al. (1984) _ indicate that atrazine has a low 
potential for bioconcentration and that it degrades slowly 
(>50 days)- Kl�ssen and Kadoum (1979). applied .e.tra­
zine at 300 £.Lg/L to .a previously unexposed pond and 
observed quick uptak�.,of atrazine by the bjpta and the 
sediments. A year later, there were no biological residues, 
but residues were found in the water and mud. Although 
uptake of -atrazine is weak and not long-lasting, it does 
accumula,te in the biota. 
•·there currently are no aq\Jatic life criteria or guidelines 
in the United States or Canada (McNeely et al. 1 �79) for 
these commonly detecte� pesticides (atrazine, a,lachlor, 
Dual, 2,4-D,, Ram�od, Sencor). The -data suggest that 
slight or moderate aquatic life impairments ·would occur 
upon continuous exposure to atrazine. The long-term ef­
fects of short exposures to atrazine are now known', but 
would likely vary with the affected <?Ommunity and · the 
concentration. If criteria for safe levels of these pesticides 
were developed, such criteria might fall into the range of 
concentrations commonly detected in streams and lakes 
downstream of direct runoff and would likely fall into the 
range of concentrations found in direct runoff. 
Drinking Water Supply 
Water from some of the lakes and certain stream seg­
ments with detected pesticides is used for domestic con­
sumption after treatment. Our water supply lake data indi­
cate that pesticides are also found in the treated drinking 
water. Unfortunately, the available toxicity data may be 
insufficient to suggest firm drinking water criteria for some 
of these substances. There are no proposed drinking wa­
ter criteria or maximum contaminant levels for the most 
common pesticides found. However, Canada (McNeely et 
al. 1 979) has set a maximum acceptable level (MAL) of 
1 00 !Lg/L and an objective level (goal) of not detected for 
atrazine and alachlor. For 2,4-D, the MAL is 100 !Lg/L and 
the objective level is 1 !Lg/L. 
"Drinking Water and Health" (Safe Drinking Water 
Committee, 1 977), provided "suggested no-adverse lev­
els," or SNARLS, for three of the frequently found pesti­
cides. Two SNARLS, one allotting 20 percent of total ac­
ceptable daily intake (ADI) to water and one allotting 1 
percent were given. For atrazine, the SNARLS were 150 
!Lg/L (20 percent ADI) and 7.5 !Lg/L (1 percent ADI), for 
alachtor they were 700 !Lg/L (20 percent ADI) and 35.0 !Lg/ 
L (1 percent AD I), for 2,4-D they were 87 .51-'g/L (20 percent 
ADI) and 4.4 !Lg/L (1 percent ADI). 
The recent EPA restrictions on the use of alachlor focus 
attention on the data for carcinogenicity of these sub­
stances. The restrictions were based on new data sug­
gesting that alachlor is a carcinogen. This new develop­
ment may result in future revisions in the SNARL 
estimates or other criteria development. 
The drinking water data suggest that the levels of these 
pesticides currently being found should not cause chronic 
health problems. However, for the three sets of SNARLS 
available at the time of publication, the uncertainty factor 
used in calculating doses was 1000, indicating limited 
chronic data. To more firmly confirm or deny the potential 
for carcinogenicity and long-term health problems, further 
research and development of criteria are needed. 
CONCLUSIONS 
Atrazine, alachlor, Dual, Sencor, and 2,4-D are the pesti­
cides most commonly found in the surface waters of Kan­
sas. Their occurrences correspond with agricultural land 
use, rainfall, and the potential for runoff. Large Federal 
lakes may act as a buffer, receiving large puls�d inputs of 
G4 99 
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Figure 4.-Statewlde distribution of pesticides In Kansas 
based on data from Ambient Stream Water Quality Network 
(circles) and lakes (squares) over the period of record. Black 
symbols Indicate frequent occurrence (>7 detections) at 
stream sites or any occurrence at lake sites. Stippled sym­
bols Indicate moderate occurrence (5-7 detections)· at 
stream sites. Open circles Indicate loY' occurrence ( < 5 de­
tections) at stream sites and no occurrence at lake sites. 
pesticides and releasing them later over longer time peri­
ods. 
Based on laboratory and field research, the concentra­
tions of atrazine, the pesticide found most frequently and 
at the highest concentrations, may be sufficient to be. im­
pacting aquatic life. Phytoplankton may be the primarily 
affected nontarget organism. 
Pesticides are found in raw water sources and in the 
final treated drinking water. The concentrations �f the pe�­
ticides found (atrazine, alachlor, and Dual) are lower than 
those that would cause human health problems based. on 
available data. However, further data should be collected 
to establish firmer crite�ia.. , , Routine monitorin'g data have been adequate to assess 
the distribution and concentrations of these pesticides, 
and to suggest further water quality management needs. 
Criteria development for these pesticides will be neces­
sary in order to provide water quality managers with better 
information for assessing potential water quality prob­
lems. Further field research is needed in areas with 
pulsed or continuous concentrations of these pesticides in 
order to determine actual on-site impacts. The results of 
research on the effects of pesticides in water and o'n ac­
tual on-site use impairments must be made known to the 
PERSPECTIVES ON NONPOINT SOURCE POLLUTION 
agricultural CO!Jlmunity. Their supP,.ort. will be needed if the 
benefits of modified pesticide application procedures or 
other land treatment practices are to be realized. 
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Figure 2.-Concentratlon patterns for sediments (A), t�tal P (8), nltrate-N (C), and atrulne (D)' relative to stream .discharge 
(solid line) for a typical runoff event In the Honey Creek watershed. · 
... � .. 
... 
Table 2.-Comparlson between flux-weiQhted average-and time-weighted average concentrations of 
nutrients �nd sediments at representative stream transport stations. 
Transport station 
Maumee River 
Flux-wejghted 
l,'ime-'!'eighted 
Sandusky River, Framont 
Flux-weighted 
Time-weighted 
Honey-Creek, Melmore 
Flux-weighted 
Time-weighted 
Cuyahoga River 
F�x-weighted 
Time-weighted 
Raisin River 
Flux-weighted 
Time-weighted 
1 • Soluble Nitrate+ Total 
,suspended' Total reactive nitrite K)eldahl 
solids phosphorus phosphorus nitrogen nitrogen 
mg/L mg/L mg/L mg/L mg/L 
218 0.474 0.090 5.13 1.85 
98.5 0.307 0.091 3.95 1.49 
249 0.468 0.084 4.61 1.73 
85.9 0.222 0.059 3.34 1.11 
198 0.413 0.074 4.79 1.79 
60.0 0.196 - 0.068 4.03 1.12 
188 0.428 0.105 1.82 1.36 
94.1 0.405 0.165 2.53 1.27 
81.1 0.238 0.046 3:51 1'.23 
41.9 0.178 0.048 2.58 0.96 
203 
Conduc· 
tlvlty 
ILmhos 
484 
622 
464 
684 
378 
582 
674 
770 
528 
668 
.· 
-l 
PEf!SPEiCTIVE& ON NONPOINT SOURCE POLLUTION 
Average Flux-Weighted Cone. = 
-, Average Time-Weighted Cone. = 
, Ec1q1t, 
Eq,t, 
�c,t; 
Et1 
where c1 = concentration of i1h sample 
(1) 
(2) 
q1 = instantaneous discharge when i1h sample 
was collected 
t1 = time i1h sample was us� to characterize 
stream system (ranges from 2 to 24 hr) 
VARIABILITY IN CONCENTRATION 
AND LOADS 
, . 
Storm-to-Storm V�riability 
Considerable effort,goes into characterizing nutrient. and 
pesticide export during a· single storm event. What makes 
studies of agricultural runoff so challenging is that every 
storm event is different. One way to characterize concen­
trations puring a single)�!prm �J9 calculate flux-weig_h!ed 
average �ncentrations for that storm. We calculated .flux­
weighted average total pho�phorus concentrations for 52 
storm,events at the Upper Sandusky gauging statiop. tn 
Figure 3 concentrations for individual storms are plott�d in 
relationship to the peak discharge. Considerable variabil• 
ity is evident in phosphorus concentrations, even foj' 
storms with similar peak discharges. Part of the variability 
observed in the storms is ass'ociated with seasonal ef­
fects. Similar storm to storm variabilitY, was observed for 
njtrates and suspendect solids (Baker, 1984). 
t 
Annual Variability 
Nutrient loads derived from cropland runoff generally �ave 
large year to year variability as illustrated by phosphprus 
loading for the Sandusky River for the �975-84' period: 
These 'ldaCig aJontJ 'with tl'\9 fdnil�anhllal disc,haTges are 
shown in Table 3. ·In' general, years with high discharges 
have high loads. The highest load did not coincide, how­
ever, with the highest discharge. In 1981 we had large 
storm events in June which resulted in very high sediment, 
a�d phosphorus concentrations and the highest annual· 
phosphorus load we have observed.·ln '1978 there w.as a 
h�rge annual discharge. Most of the discharge occurred in 
winter runoff events that were accompanied by low phos­
phorus and sediment concentrations. Consequently, we 
had-relatively low total ph�sphorus loads that y�ar. 
The large, amounts of annual variability in loading from 
nonpoint sdurces'complicate comparing-point source�nd 
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Figure 3.-Varlablllty In ·flux-we�hted average concentta­
tl�ni of. total phospJiorus for 52 lncjl_vldual run�ff,,flyents at the �n�usky River, ypper Sandu�ky san;�pllng s�t!on. 
nonpoint. sourpl'!loads. It is important to estimate a mean 
an11ual load· from cropland sources, rather �hal) using 
loa<;IS:for any single_ year. 
SEASONAL VARIATIONS 
As noted, .seasonal variations in concentrations and load­
ing can ·account for sOme of the varia�ility in cropland 
ruhoff. The most obvious example of' season� effects _is 
shown by the pesticides. The highest pesti.cide concentra­
tions in streams and riverS, a:s well as lhe highest loads, 
generally occur during the first runoff event following pes­
ticide application (B�er et al. 1981; Ba�er, 1983b). In this 
respecf, streams reflect the charactMstics of edge-of-field 
losses (Wauchope, 1978). This' filst runoff event normally 
occurs in May or ·June. Subs'9quent storm events· have 
much' lower P.eSticide concentrations. For much of the 
year, most pesticidei are undetectable in the"rivi!rs. Atra­
zine is an exception, anp_ traces are present throughout 
the year. • 
The seasonal occurrences of herbicides in stream sys­
tems also result in 'seasonal pesticide exposures in drink­
ing water -derived frorn..river systems (Baker,..1983c). f.x­
arriples of peak' observed pesticide concentrations in 
finished tap water from three northwestern Ohio citie,s are 
shown in Table 4. Most soluble herbicides pass through 
conventional water treatment plants with very little a'tteriu­
ation· in concentration. 
Seasonal patterns are,.also present for nitrale co':lcen­
tratidhs. Year after year the highest nitrate concentrations 
occur during runoff evenJs in May, June, and early July 
(S'aker, 1985). In the SantluskyJ:uver at Frer:nont, concen­
trations of nitrate-N exceed the drinking water sta1;1dard of 
1 0 mg/L �n ayerage of 4.1 percent of the time on an an­
nual pasis and 16 percent of the time ir:J t�e May through 
July period. Relatively high nitrate concentratiohs are also 
presetlt during winter and ear,ly spri11g runoff event�. 
Since 'these. events are generally larger in volume, the 
bulk of the" nitrate loading occurs·during the winter and 
eatly spring ·period. ' 
Table 3.-Annual variability In discharge and total phosphorus 
·' loads at the San�usky Hl,':'itr, Fremo�t sh!,tlon. 
Water 
-year 
1975 
1976 
19'77 
1978 
1�7� 
'1980 
1981 
1982 
1983 
1984 
Average 
Discharge 
108m3/year 
1,048 
755 
636 
1,385 
1,107 
1,211 
1,249 
1,353 
649 
1,940 
1,133 
Total 
phOsphorus load 
metric tons/year 
423 
240 
259 
462 
476 
691 
792 
633 
200 
759"• 
504 (1.55 kg/hat1 
Table 4.-Peak herbicide concentrations In tap water at 
T iffin, Fremont, and Bowling Green, Ohio • 
Simazine 
Atrazine 
Alachlor 
Metolachlor 
Linuron 
Cyanazine 
Tiffin 
tap water 
1983 
"'g/1 
0.63 
7.64 
2.73 
13.65 
0.61 
,�:1.49 
Fremont 
tap water 
1983 
"'g/1 
0.13 
1.22 
0.47 
1.33 
•, 
Q.39 
Bowling 
Green T iffin 
tap tlateJ'! :,8� water 
198Q-82 1980-82 
"'g/1 "'g/1 
0.35 1.'90 
5.20, 30.0 
5.91 14.3 
4.75 24.2 
0.39 
1)2.1 �• -�.40 
In the case of total ptiosphorus and suspen�ed solids, 
seasonal patterns are affected bY, watershed size. For 
Hpney Creek, a 386 km2 watershed, winter ,runoff events 
have much lower total phosphorus concentrations,than dp 
summer runoff events (Baker, 1983a). Snowmelt events 
generally have lower sediment concentrations than events 
associated with 'rainfall. However, this seasonal pa�ern i� 
much less evident in larger watersheds such as the Mau­
mee River Basin. 
We have summarized our long-term records for tM flux-· 
wefghted sediment concentrations for the December 
through February Period and tor. the March through July 
period (Table 5). For the Maumee Rive.r, the concentra­
tions were very similar for both periods. As the watershed 
sizes become smaller, the ratios of March-July to Decem­
ber-February sediment concentrations increase. The 
smaller watersheds more c!osely reflect the timinQ of ero­
sion events on· the landscape, while the larger rivers r� 
fleet ri��r transport effects, including deposition and re­
suspension (McGuinnes�iet al. 1971). 
· Since the months Decer:nber through March generally 
have the highest discharges, pollutant loads are also very 
high for these months. Seasonal aspects of pollutant ex­
port are summarized in Table 6. 
EfFECTS QF WATERSHED SIZE 
One of the most obvious effects of watershed sfze is on 
the peak concentrations of chemicals. As watershed size 
decreases,· everything else being equal, the peak concen­
trations of sediments, nutrients, and pesticides increase. 
However, the concentrations also decrease to baseline 
values more quickly as watershed size decreases. This is 
illustrated in Figure.4 for atrazine concentrations in Lost 
Cree.k and the Maumee River. These patterns are primar­
ily a consequence of the routing of runoff water through 
stream systems. When conducting to'xicological studies 
for pesticides, organisms characteristic of low-order 
streams need to be exposed to much ·higher pesticide 
concentrations than organisms from higher-order 
streams. 
On.e convenient way·to describe concentration patterns 
at a station is to use concentration duration curves (Fig. 5). 
These curves depict the percent of time particular concen­
trations are exceeded. For example, a nitrate concentra­
tion of 10 mg/L is exceeded 4.3 percent of the time at our 
station on Honey Creek (Fig. 5a). The nitrate concentra­
tion duration curves for the Maumee River and Honey 
Creek are very different (Fig. 5b). Honey Creek has much 
higher· pe�k concentrations than does the Maumee River.· 
However, at intermediate duration values, the concentra­
tions for the .M�I:!.ITI�� are .h!gher than for Honey Creek. 
.., 
.., II) 
II) 
,... "' 
.... .J ' "' ::> v.., 
... 
. 
zU> HN N 
... "' 
.... 
... II) 
£:! 
r I LOST CREEK MAUMEE RIVER 
231. 237. 2-43. 2-49 . •  255. 261. 267. 273. 279. 265. 
DAY OF �AT�� YEAP 196� 
Figure 4.-Compartson of atrazlne concentrations at the 
Lost Creek and Maumee River �mpllng stations. 
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Table 5.-Seasonal distribution of flux-weighted sediment 
concentrations In relationship to watershed size. 
Flux weight suspended solids concentration, 
mg/L 
Season 
December-
February 
March-July .. 
Ratio 
M-J/0-F 
Drainage 
area km2 
"' 
..J .  
�� 
.
 
Sandusky 
MaumeeR. R. 
227 148 
224 '' 340 
0.99 2.3() 
16,395 3,240 
z q, 3% OF THE Til£ 
t-
Honey Cr. 
95 
28,4 
2.99 
386 
Lost Cr. 
88 
380 
4.31 
9.7 
A 
5 ( A CONCENTRATION OF 10 IIGIL IS EXCEEDED 
.!J ·'( 
oe( '  0:: � ... ...... , �A CONCENTRATION DF 6 IIGIL IS EXCEEDED 
� o 16% OF THE Til£ 
z : 
z 
I 
1.&J 
t­
oe( 0:: �-­
H 
z 
0. 10. 20. 30. 40. 50, 60. 70. 80. 90. 100. 
DURATION <lO 
B 
-HONEY CREEK 
e. 10. 20. 30. 40. ·se. 60. 10. 80. 90. 100. 
DURATION ClO 
10000.�------------------,
c 
:; 1000. 11AUI1EE RIVER ' 
.. 
� 
Ul 0 
... .J 0 Ul 
0 "' 0 z "' Q. Ul ::> Ul 
100. 
10. 
I..J---t---t---t--+--t--+--t--+--t--+-...1.4----+ e. 10. 20. 30. 40. se. 60. 10. e0. oe. 100. 
DURATION <ll> 
Figure 5.-Representatlve concentration duration curve� et 
sampllog stations: A. nitrates at ,Honey. Cr., Melm,ore; 
B. comparison of nitrates at Honey Creek, MeJmore, and 
Maumee River; c. suspended sediments at 4 stations. 
PERSPECTIVES 'ON NONPOINT SOURCE POLLUTION 
. Sediment concenttation-duratiqn>eucyes also show sys­
tematic diff�rences with water�hed si�e _(Fig. Sc). ·These 
curv�·s· reflect !he olls��vatioiJ t!'laJ ·sm!ill strt;51ms clear up 
much' more qu1ckly tha'rl'large riv,ers after the passa9e of a 
st,qrm ev�nt. T�,is is probably a con�equence 6f both flo9d 
routing through the dr�inage,system and the h,igher.aver­
age cur(eht velocities in larger riverS (Leopold, '1974). The 
higher veiO<fities reduce deposition of suspended solids. 
In this region,.watershed size has.a.much greater"effect 
ofi..cbl'lf:"ehlratioh ·patterns· th-an_ orr ·unlf ars� loading.· For 
streams of the "sizes we are studying. there is little evi­
dence of long'term delivery los5es'to stream bottoms or 
flood plains. These-·str��nl SY,�tems lack deep reservoirs 
th�t could act as permanent sinks for suspended solids 
ana attached pollutants. 
Watershed size does affect the proportion of the annual 
loads accounted for by fluxes exceeded fixed percentages 
of the time� .. for example, suspended sediment· fluxes 
which were exceeded 2 percent of the time accounted for 
41.8 percent of the total load for the Maumee·River, 52.6 
percent of the load for the Sandusky River, and 66.4 per­
cent of the total load fqr Honey Creek at Melmore. Su� 
pe11.ded solids ahd tot�l phosphorus loads associ�ted with 
fluxes that were exceeded variqu_s percel}tage$ o! time are 
shown in Table 7. 
It is also very likely that annual variability· in loading 
increases as watershed size" decreases. This corriplicfites 
the task of assessing the effectiveness of cropland b�st 
management prac\ic�s. since small watersheds are gen­
erally 'chosen: tor demonstration :programs to f�cilitate 
achieving _a high proportion of implementation. Accurate 
l<?)iding data are more difficult, t9 obtain for small water­
st}eds than for large watersheds. 
CONCLUSIONS 
These-characteristics of nutrient and pesticide transport 
are based on ouf observation� of stre�ms and r.ivers in the 
Lake Erie Basin. It is likely that these same characteristics 
will also apply ln other 'regions, although the absolute con­
centrations and lq�ds· may, b� different in 'other regions 
with more erodible soils or different land uses. 
We need to keep these characteristics of nutrient and 
pesticide transport in' mind as we work to improve our 
understanding of the offsite impacts of cropland runoff, as 
vre compar� data on offsite impacts -f'rom various regions 
and esta�lish priorities for control programs, and as we 
establish programs to document the effectiveness of crop-
land runoff control programs. • . 
The basic problem of quantifying cropland impacts in 
regiohal water quality is pne of �ccurately characterizing 
highly variable"systems. ·Documenting the effects' of crop-
Table 6.-Percent of total obser.ved loads exported in various seasons for three long-term transport stations. . ' 
SuJSpended )'otal Soluble reactive Nitrate 
Transport statioll" atld season solids phosphorus phosphorus nitrogen_ 
Maumee River 
,.. Dee<ember-.M�rch 54 56 61 50 
April-July 42 38 31 43 
August-November 4 6 7 6 
Sandusky River, Fremont 
1 December-March 46 54 67 52· 
April-July 48 37 22 40 
August-November 6 9 11 ,a 
{ 
Honey Creek, Melmore 
December-March 32 44 55 47 
April-July 62 46 27 44 
August-November 6 10 17 10 
·Table 7.-The role of periods of high flux rates In the export of suspended soiJ�s for watersheds of various sizes. 
Transport station 
Maumee River (16,395 ki'n2) 
Sandusky River, Fremont (3,240 km2) 
Honey Creek, Melmore (386 km2) 
-Percent of the suspended solids export over the period of record 
associated with fluxes exceeded: 
2%of 5%of 10%of 20%of 
the time the time the time the time 
• 41.8 64.2 79.5 91.2 
52.6 73.8 87.9 96.1 
66.4 80.8 90.3 96.8 
Table 8.-T he role of periods of high flux rates In the export of total phosphorus for watersheds of various sizes. 
Transport station � 
Maumee River (16,395 km2) _ .  
Sandusky River, Fremont (3,240 km2) 
Honey Creek, Melmore (386 km2) 
Percent of the total phosphorus export over the period of record 
associated with fluxes exceeded: 
2%of 
the-time 
29.6 
3�.1 ' 
45.6 
5%of 
"the time 
.50.5 
62.4 
64.3' 
10%of 
the time 
67.6 
·ao.o 
'79.9 
20%of 
the time 
83.6 
"92.0 
91.8 
larict BMP's requires detecting. management related. 
changes in .,the presence of thi& natural variability. 
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